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IMMUNE CELLS HAVING PREDEFINED BIOLOGICAL SPECIFICITY, COMPRISING CHIMERIC T 
CELL RECEPTOR 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates generally to the fields of immunology and molecular 
cell biology. More specifically, the present invention relates to immune cells complexed 
with a chimeric T cell receptor (TCR) or a fragment thereof, or transfected with a chimeric 
TCR;gene. 

10 

Description of the Related Art 

The immune response is a complex defense system able to recognize and kill 
invading organisms, e.g., bacteria, viruses, fungi, allogeneic tissue and some types of 
tumor cells. The characteristic aspects of the immune system are the specific recognition 
15 of antigens, the ability to discriminate between self and non-self antigens and a "memory" 
which enables a quick, specific reaction to previously encountered antigens. The immune 
system in mammals reacts to antigens via both humoral and cell-mediated immun e 
responses. 

The major pathway of the immune defense begins with the trapping of the antigen 
20 by accessory cells such as dendritic cells or macrophages with subsequent concentration in 
lymphoid organs. Upon specific recognition of the processed antigen, mature T helper 
cells can be triggered to become activated T helper cells. These activated T helper cells 
regulate both the humoral immune response by inducing the differentiation of B cells to 
antibody-producing plasma cells and control of cell-mediated immune response by 
25 activation of cytotoxic T lymphocytic (CTL) cells and natural killer (NK) cells. 

T lymphocytes recognize antigen in the context of self Major Histocompatibility 
Complex (MHC) molecules by means of the T cell receptor (TCR). The TCR expressed on 
the surface of T cells is a disulfide-linked heterodimer non-covalently associated with an 
invariant structure, the CD3 complex. CD3 is assumed to be responsible for intracellular 
30 signalling following occupancy of the TCR by ligand. Most T cells cany TCRs consisting 
of a and p glycoproteins ( a and p chains of the TCR), while some T cells carry TCRs 
having y and 5 glycoproteins (y and 5 chains). 

Like the immunoglobulin (Ig) genes, the TCR genes are composed of variable 

1 
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segments which rearrange during T cell development. TCR, like Ig polypeptides, consist 
of amino terminal variable (V) and carboxyl terminal constant (C) regions. The variable 
region V is responsible for the specific recognition of antigen whereas the constant C 
region functions in membrane anchoring and in transmitting of the signal that the receptor 

5 is occupied, from the outside to the inside of the cell. The variable regions of the Ig heavy 
chain and the TCR p chain are encoded by three gene segments, the variable (V), 
diversity (D) and joining (J) segments. The Ig light chain and the TCR a chain contain 
variable regions encoded by V and J segments. 

The T cell receptor for antigen-CD3 complex (TCR/CD3) recognizes antigenic 

10 peptides that are presented to it by the MHC proteins. Complexes of MHC and peptide 
are expressed on the surface of antigen presenting cells and other T cell targets. 
Stimulation of the TCR/CD3 complex results in activation of the T cell and a consequent 
antigen-specific immune response. The TCR/CD3 complex plays a central role in the 
effector function and regulation of the immune system. 

15 Two forms of T cell receptor for antigen are expressed on the surface of T cells. 

These contain either a /p heterodimers or y/5 heterodimers. Accordingly, each of these 
chains is made of the V and C regions of the TCR, namely V a C a , V p C p , V y C y , and 
V g C 5 .T cells are capable of rearranging the genes that encode the a , p, y and 5 chains of 
the T cell receptor. T cell receptor gene rearrangements are analogous to those that 

20 produce functional immunoglobulins in B cells and the presence of multiple variable and 
joining regions in the genome allows the generation of T cell receptors with a diverse 
range of binding specificities. Each a /p or y/5 heterodimer is expressed on the surface of 
the T cell in association with four invariant peptides. These are the y, § and g subunits of 
the CD3 complex and the zeta chain. The CD3 y , 5 and E polypeptides are encoded by 

25 three members of the immunoglobulin supergene family and are found in a cluster on 
human chromosome 11 or murine chromosome 9. The zeta chain gene is found separately 
from other TCR and CD3 genes on chromosome 1 in both the mouse and human. The 
CD3 chains and the zeta subunit do not show variability, and are not involved directly in 
antigen recognition. 

30 All the components of the T cell receptor are membrane proteins and consist of a 

leader sequence, externally-disposed N-terminal extracellular domains, a single 
membrane-spanning domain, and cytoplasmic tails. The a , p, y and 5 antigen-binding 
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polypeptides are glycoproteins. The zeta chain hasa relatively short ectodomain of only 
nine amino acids and a long cytoplasmic tail of approximately 110 amino acids. Most T 
cell receptor a /p heterodimers are covalendy linked through disulphide bonds, but many 
y / 5 receptors associate with one another non-covalently. The zeta chain quantitatively 

5 forms either disulphide-linked ^ heterodimers or zeta-zeta homodimers. 

Another example of a type of receptor on cells of the immune system is the Fc 
receptor. The interaction of antibody-antigen complexes with cells of the immune system 
results in a wide array of responses, ranging from effector functions such as 
antibody-dependent cytotoxicity, mast cell degranulation, and phagocytosis to 

10 immunomodulatory signals such as regulating lymphocyte proliferation, phagocytosis and 
target cell lysis. All these interactions are initiated through the binding of the Fc domain 
of antibodies or immune complexes to specialized cell surface receptors on hematopoietic 
cells. It is now well established that the diversity of cellular responses triggered by 
antibodies and immune complexes results from the structural heterogeneity of Fc receptors 

15 (FcRs). 

FcRs are defined by their specificity for immunoglobulin isotypes. Fc receptors 
for IgG are referred to as FcyR, for IgE as FcgR, for IgA as FcqR, etc. Structurally 
distinct receptors are distinguished by a Roman numeral, based on historical precedent. 
We now recognize three groups of FcyRs, designated FcyRI, FcyRH and FcyRIO. Two 

20 groups of Fc e R have been defined; these are referred to as FcgRI and FcgRII. Structurally 
related although distinct genes within a group are denoted by A, B, C. Finally, the protein 
subunit is given a Greek letter, such as FcyRHIAd, FcyRIHAy. All the CD3 chains ( y , 5. 
£ , ^ and ^ and the FcR-y chain contain Immunoreceptor Tyrosine Activation Motifs 
(ITAMs) which undergo phosphorilation and is responsible for the signal transduction of 

25 the cells. 

Considerable progress has been made in defining the heterogeneity for IgG and IgE 
Fc receptors (FcyR, Fc s R) through their molecular cloning. Those studies make it 
apparent that Fc receptors share structurally related ligand binding domains, but differ in 
their transmembrane and intracellular domains which presumably mediate intracellular 
30 signalling. Thus, specific FcyRs on different cells mediate different cellular responses 
upon interaction with an immune complex. The structural analysis of the FcyRs and 
Fc e RI has also revealed at least one common subunit among some of these receptors. 
This common subunit is the y subunit, which is similar to the £ or t, chain of the 

3 
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TCR/CD3, and is involved in the signal transduction - * - *•>» d ™* ^ 

iB HAM motif. .^.^sniA) is composed of the ligand binding 

The low affinity receptor for IgG (FcySIUA), p 
CD16 (FcRHIAo) polypeptide associated with the y chain (Fc.RHIA,). • T* CM* 

* ■ ,he chain (p55), the s chain <p75) and the y chant. When 
composed of three charns, the a chain ^1. P 
„ stimuiated by HA -ympbocy.es undergo pro,ifera«ion and acuvauon. 

Antiget.specific effe«or lymphc^es, such as tumor specific T f ^- ' 
VOT ^ LivLal-specific, limn* in their recognition spectrum and dtfBcuU » 
lin^mostnJgnancie, — , on the other hand, are readily obtainable 
mTLuy derived, have wider spec.™ and are no, mdividual-specific. 

-Q so far to b,ood-borne tumors primarily because soiid rumors are inaccessibl . 

• ^e use of effect i^ytes - d ^ve 

^otherapy, a,though effecuve in selected solid 5 
from a lack of specificity (such as in the case of .vmpholone-act.va.ed kuler cells (LAK 
I, w "ll mai,, NK cel.) or from the dtfficuity * — tumor-in— 
V Cnu, and cpa^ing such specific T ceUs for met mahgnanctes. YeMhe 

ILZ -TIU can he obtain me,anoma and - «» ~ ^ 
to t they can be effective in seiecttd patients and mat foreign genes can funcuon m these 
ceils demonstrate the therapeutic potential embodied in these ce..s. ^ 
PCT WO/94/29438 describes a method for transducmg mammahan target ceUs 
. . . ,ene encoding a chimeric T cell receptor, comprising transient 
30 lll^r^rof— that can ,00^ whha 
"ZL Pac^ — - a — vecor er.odmg a 
Ovation o, said firs, population of mammalian cells producing replicauon^efecbve 
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■a fnrpim! «rene with a second population of 
~„„;rai vp^tors carrying said foreign gene wnu a 

^ZZ l^ a non-MHC — — r — — — 

. t_- A .,* cnprificallv to at least one ligand. 

p,^!, autttanune diseases and graft rejecuon. 

*• „ immune cells with chimeric TCR specificity. 

to an irnmune cel. ■«*« 
* — "iripLd with an antfgen-specific MHO— 
wh erein said imtnur* ceU - «P ^ ^ ^ „ 

chimeric T cell receplor (TCR) or a tragm 

\>rwr restricted chimeric TCR gene. 

15 "^" ^ ImtattmaT immune ceB is complexed with the TCR or TCR fragment 
h one embodtmenMh ^ ^ ^ ^ ^ ^ 

by chetn*al conju^ » **« * J* ^ ^ ^ ^ or 

™» nuence encoding a chimeric TCR, said chimeric TCR compnsmg. (0 a firs, 
a DNA sequence encodmg ^ „, fhe variable (V) regron 

segment encoding either , smgle-cham TCR (scFv ' TCR 

00 a second segment enc«hng a »- ^ ctatas o( ^ 

scFv-TCR may be the alpha and ,the beta, or tne g 

antigen-specific TCR. „.„,-_• encodes a two-domain 

In one embodiment of the invention, the said first segment encodes a 

2717Z^ - compnsh.g *. VctVpCp or V a V pCo chah* of - 
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^gen-specific ICR to a further embodiment me first segment is a three-domain (3D) 
single-chain TCR made of ft. exlacellula, variable (V) V„V P chains of mi 
antigen-specific TCR and the constant (C) region of the immunoglobulin kappa light chau, 

(Ck) 

5 ' Inararmerembodrment.tesaidfirs.segm^^^ 

• made of the extracellular variable (V) and consent (C) region Va C« + VpCp chains of the 

TCR- 

The linker mat links the V„Vp chains is selected from standard linkers known in 
tne art such as oligopeptides of 15-20 amino acids mat alio* flexibility and proper 

10 association between the two V domains. 

The signal transducing element may be comprised of the intracellular stgnalbng 
unit only or of the intracellular signalling unit plus transmembrane domam or of these 
both and extraceuular domain of signalling chains. Examples used according to d* 
invention inch.de, but are no, limited to, the whole mo.ecules or part of the molecules 
,3 selcteu from TCR/CD3 complex gamma, delta, epsilon, eat or zeta chain, the gamma 
chain of the Fc receptor, the alpha, beta and/or gamma subuai. of the M » "he 
CD2 CD16 and CD28 co-receptor chains, the signaling elements of the natural kdler 
(NK) receptor, kilUng inhibitory recepor (KIR) or killing activating receptor (KAR), or 
any sighting element derived from an immune cell, and combinations of said stgnal 

20 transducing elements. 

Repenoires of T cell receptor fragment genes can be derived from natural sources 
such as peripheral blood .ymphccyKs (PBLs), tumor infflrrating T^ells or doned 
cyrctoxic T cells or cell lines, or can be derived from TCR V-gene segments created m 
part or completely synthetically. Tne scFv-TCR or tcFv-TCR can be cloned from immune 
25 T lymphocytes or from synmetic libraries such as, but not limited to, phage dtsplay 
JI. viral dsplay libraries or others. The variable regions of TCRs can be obtamed 
from human and non-human species T lymphocytes. 

Another object of the present invention is to provide techniques enabhng the 
extraction of chimeric TCR chimeric .0 a signaling element a*d the introduction of 
30 these scFv/ or tcFv/signa, tiansnucing molecule f mammaUan cells to provide a destred 
biological action in such cells at a target cell or organ site. The transection of the 
nnmune cells with the TCR genes may be performed by any standard method includmg, 
„„, no. being limited to, with viral vectors, eukaryotic vectors, and elecmca. or 
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chemical means such as calcium phosphate transfection, dextrane sulphate transfection, 
liposomal transfection and electroporation. 

Still another object of the present invention is to provide techniques enabling the 
construction of proteins which recognize MHC-presented antigens chimerized to a 

5 signaling element. 

The immune cell is preferably human. Various types of lymphocytes and 

non-lympbocytic cells may be suitable, for example, resting, activating and memory T 

lymphocytes, cytotoxic T lymphocytes (CTLs), helper T cells, natural killer (NK) cells, 

tumor-infiltrating lymphocytes (TIL), non-T lymphocytes, B cells, plasma cells, 
10 monocytes, macrophages, eosinophils and dendritic cells, subtypes thereof and any other 

cell type which can express chimeric receptor chain. Both antigen-specific and 

non-specific immune cells are contemplated by the invention. 

In one embodiment, the immune cell is an antigen-processing cell and said 

predefined specificity is targeted antigen uptake and presentation. 
15 In another embodiment, the immune cell is selected from the group consisting of 

lymphocytes, NK cells, macrophages, monocytes, eosinophils and other cytotoxic cells 

and said predefined specificity is target cell cytotoxicity. 

In a further embodiment, the immune cell is a helper T cell and said predefined 

biological specificity is increased lymphokine or cytokine production. 
20 In still another embodiment, the immune cells are B lymphocytes or plasma cells 

and said predefined specificity is increased immunoglobulin production. 

In yet a further embodiment, the immune cells are T cells, B cells, monocytes and 

macrophages and said predefined biological specificity is increased antigen-presenting 

functions. 

25 In another further embodiment, the immune cell is a target cell immune cell specific 

for target cell, said immune cell containing an antigen-binding molecule selected from the 
group consisting of the alpha/beta chains or the gamma/delta chains of the antigen-specific 
T cell receptor, chimerized to a signal transducing element selected from the group 
comprising the TCR/CD3 complex gamma, delta, epsilon, eta or zeta chain, the gamma 

30 chain of the Fc receptor, the alpha, beta and/or gamma subunit of the IL-2 receptor, the 
CD2, CD16 and CD28 co-stimulatory chains, the signaling elements of the natural killer 
(NK) receptor, killing inhibitory receptor (KIR) or killing activating receptor (KAR), or 
any signaling element derived from an immune cell, and combinations of said signal 
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transducing elements. 

The antigen-binding molecule ma, bind to an antigen including, but not bemg 
Unuted to, viral antigens, synthetic antigens, tumor associated anugens, tumor spectBc 
a^ens, mucosal anugens, atperantigens, duration antigens, auto-immune aniens, 
5 class 1 MHC molecules and class U MHC molecules. In one entairment, the 
antigen-binding molecule binds to the melanoma-associated neoplastic protein (MAGE-1) 

"""^According to the invention, target cell antigen-specific immune and non-immune 
ceils can be created to identify on mammalian cells the MHC-restricted antigenic 
10 structure,) recognized by these relevant chimeric scFv-TCR ,*« * 

.echnique is provided to identify whether particular antigens agams, whtch sard TCR are 
directed are expressed by rrcunmaUan cells in vitro or in vm,. 

The present invention forte rehaes to pharmaceutical compositions compnsmg me 
^ cells of the invention, which may comprise a pharmaceutical* acceptable earner. 
15 These pharmaceutical composition may be used for the treatment of cancer, mfecnous 
disease! autoimmune diseases or graft rejection. The pharmaceutical composttion 
comprising immune cells confining an antigen-binding molecule that binds MAGE-!, are 

suitable for the treatment of melanoma. 

me invention further provides a method for treatment of a tumor m a pat*n. 
20 comprising rransfecting lymphocyte ce.ls of the patient with an antigen-specrfic 
MHC-restticted chine* T cel. receprfor CTCR) gene containing a segment end* 
scFv-TCR or tcFv-TCR which binds to an antigen associated with said tumor and a 
segment encoding a signal transducing element of an immune cell. 

Stfflfurte provided is a meuwd of treatment of melanoma in a patten, compnsmg 
25 .ansfeenng lymphocy* «>* of the pane* with an antigen-sp^c MHC^ 
Ctimeric T ceU receptor (TCR) gene containing a segment 

tcFv-TCR which binds to ore melanoma-associated neoplasuc protetn (MAGE-1) antigen 
and a segment encoding a signal transducing element of an immune cell. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig IA schematically represents a chimeric single chain TCR V a /V^ 
,<scFv)-TCRM at protein level; Fig. IB schematically represents some configuranons of 
himeric TCR construe: (0 chimeric single chain (ch-sc) TCR V a VpC K genes; 00 
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chimeric two chain (ch-tc) TCR a ^ genes; (Hi) ch-tc TCR genes; (iv) full-length TCR 
a -chain genes; and (v) full-length TCR p-chain genes (L, leader; V, variable region; J, 
joining region; D, diversity region; C, constant region; EC, extracellular region; TM, 
transmembrane region; Cy, Cytoplasmic region; Li, linker). 
5 Fig- 2 shows the sequences of the V a (2A) ^ v p (2B) chains of the TCR from 

the MAGE-1 specific CTL clone 82/30, and of the primers used for amplification of the 

V a and Vp chains. 

Fig. 3 shows restriction sites used in the construction of the single chain TCR L 
domain. 

10 Figs. 4A-4B show the construction of the retroviral vector constructs. 

Figs. 5A-5H illustrate expression of (chimeric-) TCR constructs on primary 
human T lymphocytes. Expression of (z) chimeric single chain TCR V a VpCp^, (ii) 
chimeric two chain V a C a ; /VpCp^and (Hi) full-length TCR a p constructs was 
determined by flow cytometry after gene transduction of primary human T lymphocytes. 

15 Events shown represent viable lymphocytes stained with anti-V a 12.1 Frrc and anti-Vpl PE . 
(5A): Human T lymphocytes transduced with the CD24 gene (negative control). (SB): 
HLA-A1 restricted, MAGE-1 specific parental CTL clone MZ2-82/30 (positive control). 
(5C): Human T lymphocytes transduced with V a VpCp-<; retroviral vectors. (5D): 
Human T lymphocytes transduced with V a VpCp-<; retroviral vectors and enriched by 

20 flow sorting using anti-V a 12.1 FITC and anti-Vp-1 PE mAbs. (5E): Human T 
lymphocytes transduced with V a C a -<; and VpCp-^ retroviral vectors simultaneously. 
(5F): Human T lymphocytes transduced with V a C a -<; and VpCp-<; retroviral vectors 
and followed by enrichment by flow sorting using anti-V a 12.1 FITC and anti-Vp-1 PE 
mAb. (5G): Human T lymphocytes transduced with full-length TCR a and p retroviral 

25 vectors simultaneously. (5H): Human T lymphocytes transduced with full-length TCR a 
and p retroviral vectors, followed by V a 12.1 immunomagnetic selection and a second 
enrichment by flow sorting using soluble multimeric HLA- A 1 /MAGE- 1 / Strep PE 
complexes. 

Fig. 6 shows that chimeric (scFv)-TCRy or T lymphocytes are able to 
30 specifically bind to soluble multimeric HLA-al/MAGE-1 complexes. Complexes with an 
irrelevant peptide derived from influenza virus nucleoprotein were not bound by the 
chimeric (scFv)-TCRy or T lymphocytes. 

Fig. 7 shows that peptide pulsed target cells are lysed by (chimeric-) TCR 

9 
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transduced human T lymphocytes. MAGE-1 peptide-pulsed HLA-Al 1 ™ target cells were 
incubated with the indicated human T lymphocytes and tested in a 6-h 5l Cr release assay. 
Left row and middle row show the data using 51 Cr labeled HLA- Al***, MAGE-l ncs EBV 
transformed B cell lines 72-2 and APD respectively, pulsed with MAGE-1 or Influenza 
5 virus peptides (10 j^g/ml). The right row shows the data using 51 Cr labeled HLA-Al 1 **, 
MAGE-l 1 * 8 MEL 2A melanoma cells pulsed with MAGE-1 or influenza virus peptides 
(10 j^g/ml). Experiments were performed in triplicate, and the SD did not exceed 10%. 
The per cent specific 5l Cr release is shown at different E:T ratios. 

Figs, 8A-8E shows that native HLA-Al 1 * 05 , MAGE-l p0S melanoma cells are 

10 susceptible to lysis by (chimeric-) TCR transduced T lymphocytes. Cytotolytic capacity 
of human T lymphocytes was determined in 6-h 51 Cr release assays. Left two rows show 
results obtained with 51 Cr labeled HLA-Al 1 * 05 , MAGE-l ros melanoma cells (MZ2-MEL 
3.0 and 518A2). The right row shows results obtained with control 51 Cr labeled 
HLA-A1 NEG , MAGE-1 NEG melanoma, cells (MEL 78 — , BLM - - - -) and renal cell 

15 carcinoma cells (SKR17 cl4 ). Anti-HLA-ABC (lO^g/ml, ) or mouse Ig 

(10^g/ml ) was added to the target cells 15-30 min. prior to incubation with the 

effector T lymphocytes ( — , no mAb). Shown are mean percentages of triplicates of per 
cent specific 51 Cr release. Data of one representative experiment out of 3 are shown. 

Fig, 9 shows that soluble multimeric HLA-A1/MAGE-1 complexes identify 

20 functional CTL expressing retroviral introduced chimeric 3D scFv-TCR and chimeric 
tc-TCR and full-length TCR a p transgenes. Functional characteristics of human T 
lymphocytes were determined in flow cytometry and 51 Cr release assays as described in 
materials and methods. (A): Flow cytometric analysis of human T lymphocytes 
incubated with soluble HLA-Al/MAGE-l/Streptavidin PE complexes (Al/Ml) and 

25 Streptavidin PE (Strep PE ) was performed. (B): Cytotoxicity of human T lymphocytes 
against HLA-A1 P0S , MAGE-1 P0S melanoma cells and peptide pulsed HLA-A1 P0S , 
MAGE-1 NEG EBV transformed B cells was analysed in a 6-h 51 Cr release assay. The 

HLA-Al** 05 , MAGE-1 P0S melanoma cell was incubated with the human CTL ( ). 

Anti-MHC class I mAb was added (10 ^g/ml, ) to the target and effector cell 

30 mixture to demonstrate HLA-A1/MAGE-1 specificity of lysis. The 5I Cr labelled 
HLA-A1 P0S EBV transformed B cell line APD was pulsed with MAGE-1 peptide (10 

^g/ml, , no peptide: — — ). (C): Flow cytometric analysis of the human T 

lymphocytes using anti-VallA™ and anti-Vpl PE mAbs. 

10 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to chimeric TCR receptors constructed from the 
variable regions of the TCR, in particular in the single chain design [(scFv)-TCR], the 
5 generation of immune-specific cells such as T lymphocytes, non-T lymphocytes, NK cells, 
monocytes or macrophages by transfecting these cells with chimeric (single or two gene(s)) 
T cell receptors. 

The tar geting of antigen-spedfic/non-specific immune cells 

According to the present invention, chimeric TCRs are constructed by chimerizing 

10 the sequenced and cloned scFv-TCR or two-chain-Fv-TCR to any signal transducing 
molecule selected from immune cells, such as, but not limited to, CD2, CD3, CD16, 
CD28, r chains, ^-chains, KIR, KAR or fragments thereof, etc., and by molecular 
engineering and subsequently transfecting human or non-human immune cells (specific or 
non-specific) with genes encoding for scFv chimeric TCR. The invention is useful to 

15 identify whether target cells express the antigen for which the chimeric TCR is specific. 
The present invention is also useful when it is desirable to use the immune cells expressing 
the scFv-TCR or tcFv-TCR for immunotherapy of cancer, infectious diseases and 
autoimmune diseases, including rheumatoid arthritis. 

Thus, the present invention provides techniques enabling one with ordinary skill to 

20 graft immune cells with chimeric scFv-TCR or tcFv-TCR specificity at will. The purpose 
of transfecting said immune cells is to make the cells specific towards target cells. That is, 
the transfected immune cells of the present invention are triggered as a result of binding of 
the scFv-TCR or tcFv-TCR to provide a specific biological action such as, but not limited 
to, targeted antigen uptake and presentation (antigen-processing cells), target cell 

25 cytotoxicity (T lymphocytes, NK cells, monocytes, etc.), lymphokine or cytokine 
production (Helper T cells), Ig production (B lymphocytes and plasma cells), and 
antigen-presenting functions (T cells, B cells, monocytes, macrophages). 

The present invention creates target cell antigen-specific immune and non-immune 
cells to identify on mammalian cells the MHC-restricted antigenic structure(s) recognized 

30 by the relevant chimeric scFv-TCR or tcFv-TCR. Generally, a suitable antigen for the 
purposes outlined here in the present invention is any antigen or target cell membrane 
expressed molecules against which a T cell response can be mounted in vitro or in vivo or 
for which such a scFv-TCR or tcFv-TCR can be selected. Representative examples of 
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suitable antigens include, but are not limited to, viral antigens, synthetic antigens, 
tumor-associated antigens (TAA), tumor-specific antigens (TSA), MHC molecules (class I 
and class H) or autologous antigens. A hallmark of the present invention is that it allows 
the grafting of the MHC-restricted specificity to immune cells chimerized with a signalling 
5 element from immune cells, thereby triggering biological activities in the recipient immune 
cells following interaction with the relevant target cells. Moreover, chimeric scFv-TCR or 
tcFv-TCR with specificity for MHC non-restricted antigens such as, but not limited to, 
mucosal antigens and superantigens, can be deived from natural sources such as PBLs, 
tumor-infiltrating T cells or cloned cytotoxic T cells or cell lines, or can be derived from 

10 TCR V-gene segments created synthetically, chimerized to said signal transducing 
molecules and transfected into these immune cells. 

Autologous, allogeneic or xenogeneic cytotoxic T lymphocytes (CTL) can often be 
generated against 'non'- or weak lymphocytes, TAA, TSA or viral epitopes, differentiation 
antigens or other (glyco) proteins. On the other hand, antigens which have mutated can 

15 act on natural TCR as antagonists to inhibit the CTL response to the wild-type epitope. 
This leads to T cell anergy and, hence, lack of a host immune response to either tumor 
TAA, TSA, or virus, leading to e.g., a tumor cell growth or viral persistence. Existing 
technology now allows the creation of peptides and their presentation to T lymphocytes, 
antigen-presenting cells, resulting in subsequent effective T lymphocyte response. 

20 The present invention provides (1) selection of scFv- or tcFv-TCR-DNA from 

natural sources such as PBLs, tumor-infiltrating T cells or cloned cytotoxic T cells or cell 
lines, or derived from TCR V-gene and, optionally, extracellular C, segments created 
synthetically, (2) cloning of these scFv- or tcFv-TCR-DNA, and (3) their chimerization to 
signalling structure and their transfection into immune cells. 

25 The present invention allows the use of said modified immune cells in adoptive in 

vivo gene and/or immunotherapy, to combat cancer, virus infections, or autoimmune 
diseases. Regarding organ or tissue graft or auto-reactive cells, chimeric scFv-TCR or 
tcFv-TCR reactive with TCR epitopes on host T cells which cause autoimmunity or graft 
rejection can be transfected in the host T cells for elimination ,of the reactive cells 

30 following in vivo transfer. In practice, a wide range of cloned TCR genes chimerized to 
genes encoding for immune cell signalling molecules with the requisite specificities can be 
generated by a person having ordinary skill in this art, cloned into the genome of viruses 
or other vectors and, with existing technology, introduced into host T cells for autologous 
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10 



adootive gene transfer and/or immunotherapy. 

L chime* TCR m - - «*« » ' - *~<- * 

possible ft- - wi* ordina* sKl. ma, generate MHC negative nnmune cells » se™ « 
Lpient eel, for scFv or tcFv chimeric TCR ». that the, can be used as 

uriversal immune ceus for adoptive gene and/or inmumotherapy. _ 

The present invention relates to the functional expression of a cloned scFv-TCR or 
tcFv-TCR DNA or gene which has been chimeric „ signai trausduci. >g eiemen* denved 
from namral source such as PBLs, tumor-infiltrating T ceUs or cioned cyotoxtc T ceils or 
Thnes inro mammaiian — e syaem ceiis. The — is applicable to s— 
L i, is desirabie - have immune ceUs wift a ptedaennined speciflcrrv m o*=r * 
17 invest whefter mammalian ceUs express the relative Ugand for that*^ 
T « or Jduc* ft- chimeric TCR-expressing eels into immune cells of mamma, ft* 
suffer from cancer, infectious disease or aoroimmune diseases. 

The p^sen. — also provides technic ,0 identify whether particular 
' ^against which said TCR are directed, are expressed * — 

or ] nyiv0 For these and ofter pulses the invention provrdes for MHC-resm«ed 

ZZJL -> - « of 1 OT ^ " 

XI i«o these ecus) f— y express rhese receptors on fte* surface and 
1 UK gene uuv The antieen-binding substance 

0 endows the ceiis wift a predetermined antigen speencty. The anfgen g 

can be selected from TCR. fragments of TCR and antige.bn.hng peptides other ftan 

afflib °*rhe antigen named MAGE-! (meianotna-associated neop.as.ic protein) codes for 
^gens recced b, analogous T .ymphocyKs on a meianoma rumor. These genes are 
, 5 r^ressedCnnai tissues except for are expressed ta many tumors o 

are recognized on human cancer cells by autologous CTL. The .dent*. 
ZZH of ftese ar. other human uunor or vhai infect and other tissue cem 
Z - posset, for the sysKmic approach to specifc immumtherapy wtft the 
30 engineered immune cells provided by this invention. 

_ sy J. ent.iva.en, o, a tissue specific antige. T.refore, on,, « «mor ^ 
^antigens are effective,, processed a* presemed * Wv, or » «™, wnl serve as 
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dominant target for T lymphocyte immunity. Whether or not a tumor-specific neo-antigen 
is immunogenic also depends on which tissue type and in what context it is expressed. 

When a TAA is identified, characterized and cloned, it can be introduced in 
different tissue types so that it becomes immunogenic and specific T lymphocyte immunity 
5 can be generated against it (natural sources). ScFv- or tcFv-TCR as described in this 
invention can also be derived from natural sources such as PBLs, tumor infiltrating T-cells 
or cloned cytotoxic T cells or cell lines or can be derived from TCR V-gene and, 
optionally, extracellular C-gene, segments created in part or completely synthetically, 
chimerized to signal transducing elements selected from immune cells and then introduced 

10 into immune cells. 

Table 1 herein shows examples of TCR and their tumor cellular ligands. TCR with 
specificities are possible candidates for use within the present invention or any system of 
the epitope specificity. Tumor antigens, viral antigens, MHC-antigens, differentiation 
antigens, autoimmune antigens and superantigens can be identified using T lymphocytes. T 

15 lymphocytes are the critical mediators of tumor specific rejection. Consequently, a wide 
variety of potential tumor antigens and other antigens recognizable by T cells are 
applicable. These chimeric scFv-TCR gene-transduced immune cells can be used for in 
vivo immunotherapy of cancer, infectious diseases or autoimmune diseases as described, or 
for the identification of relevant ligands on other mammalian cells. 

20 Thus, the present invention provides an immune cell having predefined biological 

specificity, wherein said immune cell is grafted with a chimeric T cell receptor. Generally, 
the immune cell of the present invention may be made from any human or non-human 
immune cell. Representative examples of immune cells include T lymphocytes, non-T 
lymphocytes, B cells, monocytes, macrophages, dendritic cells, NK cells plasma cells and 

25 Helper T cells. The immune cell may be either a specific immune cell and a non-specific 
immune cell. 

In a preferred embodiment of the present invention of the mutated immune, the 
chimeric T cell receptor is a chimera between a single chain Fv-TCR or a two-chain 
Fv-TCR and a signal transducing element of an immune cell. Representative examples of 
30 signal transducing element include CD2, CD3, CD16, CD28, y-chains, £ -chains, ^-chains, 
KER, KAR and fragments thereof. 

There are various preferred embodiments of the present invention. For example, 
the immune cell could be of an antigen processing and presenting cell, immune cell and the 
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predefined biological specificity is targeted antigen uptake and presentation. Another 
embodiment of the present invention provides an immune cell wherein the immune cell is 
T lymphocyte, B cell macrophage or a monocyte and the predefined biological specificity 
is target cell cytotoxicity. The immune cell can be a helper T cell or other immune cell 
5 and the predefined biological specificity is increased lymphokine or cytokine production. 

An alternate form of the immune cell of the present invention is a B lymphocyte or 
a plasma cell and the predefined biological specificity is increased immunoglobulin 
production. Another alternate form of the immune cell is a mutated T cell, B cell, 
monocyte or macrophage and said predefined biological specificity is increased antigen 

10 presenting functions. 

In another embodiment, the immune cell is a NK cell or lymphokine activated cell 
(LAK), which upon expression of the chimeric TCR can recognize and specifically kill the 
desired target cell. A chimeric receptor based on the killing activating receptor (KAR) or 
killing inhibitory receptor (KIR) may have very important applications using NK cells. In 

15 another embodiment, the present invention provides a target cell antigen-specific immune 
cell, said immune cell containing an antigen-binding molecule chimerized to a signal 
transducing element. The antigen-binding molecule may be selected from the group 
consisting of, but not limited to, T cell receptors, T cell receptor fragments or any protein 
recognizing and binding to MHC-presented peptides. In a preferred version of this 

20 embodiment, the antigen-binding molecule is a chimeric T cell receptor. Most preferably, 
the chimeric T cell receptor is a 2D or 3D scFv or a tcFv chimeric TCR. 

In the target cell antigen-specific immune cell of the present invention, the 
antigen-binding molecule binds to a mammalian cell in a MHC restricted fashion or a 
MHC non-restricted fashion. In the target cell antigen-specific immune cell, the signal 

25 transducing element is selected from the group consisting, but not limited to, CD2, CD3* 
CD16, CD28, y-chains, e -chains, ^-chains, KIR, KAR and fragments thereof. 

In the target cell antigen-specific immune cell of the present invention, the 
antigen-binding molecule binds to an antigen selected from the group consisting of viral 
antigens, synthetic antigens, tumor associated antigens, tumor specific antigens, mucosal 

30 antigens, superantigens, differentiation antigens, auto-immune antigens, class I major 
histocompatibility complex molecules, class II major histocompatibility complex molecules 
and epitopes of antigen-specific T cell receptor or antibodies. 

It is specifically contemplated that pharmaceutical compositions may be prepared 

15 
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using the novel immune cells of the present invention. A person having ordinary skill in 
this art would readily be able to determine, without undue experimentation, the appropriate 
dosages and routes of administration of the novel pharmaceutical composition of the 
present invention. Accordingly, the present invention also provides for a pharmaceutical 
5 composition comprising the immune cells of the invention. The pharmaceutical 
composition of the present invention may further comprise a pharmaceutically acceptable 
carrier as is well known in the art. 

The following examples are given for the purpose of illustrating various 
embodiments of the invention and are not meant to limit the present invention in* any 
10 fashion. 

EXAMPLES 

MATERIALS AND METHODS 

15 

CeUs and antibodies. 

T lymphocytes derived from healthy donors were isolated and expanded as described 
elsewhere (Wejtens et al.,1996). Target cell lines used in this study are: (i) the 
HLA-Al™ 5 , MAGE-l™ melanoma cell line MZ2-MEL.3.0, (ii) the HLA-Al**, 

20 MAGE-1 NEG melanoma cell line MZ2-MEL 2.2 (kindly provided by T. Boon and P. 
Coulie, Brussels, Belgium), (Hi) the HLA-Al pos , MAGE-1 P0S melanoma cell line 518A2 
(kindly provided by P. Schrier, Leiden, the Netherlands), (iv) the HLA-Al 1 * 05 , 
MAGE-1 NEG melanoma cell line Mel 2A, (v), the HLA-A1 NEG melanoma cell line MEL 
78 . (vi) the HLA-A1 NEG melanoma cell line BLM, (vii) the HLA-A1 NEG renal carcinoma 

25 cell line SKR17-4 and (viii) the HLA-Al^ EBV transformed B cell blasts APD and 
72-2 ( kindly provided by P. Traversari, Milan, Italy) . The human embryonic kidney 
cell line 293T (kindly provided by Y. Soneoka, Oxford, UK; 20) was used as packaging 
cell line for the pSTITCH aCj^ pBuIlet V a VpCp^ retroviral vectors (Weijtens et 
ah, 1998). The mouse packaging cell line PG13 (ATCC CRL-10686) was used to obtain 

30 stable full-length TCR a p retrovirus producing cells. The CTL clone MZ2-82/30 was 
used for isolation of RNA coding for the HLA-A1 restricted, MAGE-1 specific TCR 
(kindly provided by T. Boon and P. Coulie, Brussels, Belgium ); The mAbs used in this 
study were: anti-HLA-ABC (clone W6/32, Sera-Lab, Crawley Down, UK), 
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t CD4 C « anti-GDS^ (Becton Dickinson Biosciences, San Jose, USA) and the 
7cR V a and Vp family specif, mAb anti-V a 12.1 (T Cell Diagnostics, USA) and 
anti-Vpl (Coulter-Immunotech, Marseille, France). 

5 Retroviral (chimeric-) TCR gene transduction into primary human T lymphocytes: 
in vitro expansion of transduced T lymphocytes. 

w vurv cap , xitac \ x in*) W ere transduced usmg 

Abated human Peripheral Blood Lymphocytes (PEL) (5 > we 

the pSTTTCH or pBuuet retroviral vector wuh the cbimenc two chain TCR a^K «— 

^£1 sing, chain TCR V^Cp; respectively, as desert earlier (We^ns e. 

10 :. ^s, -« — - — ^ it: 

irradiated (25 Gy) monolayer of recombinant remvirus-producmg 293T ceUs, usmg 
S-MI 1«0 w,th 25 mM HEPES, 10% human serum, 2mM G— . 
^Hn .00 U/m. and streptomycin 1CH> „» <*> V- <*■«" 

^ S, U.S.A.), and 360 !U/m, r!L-2 (ProleuKn; Chiron, Amsterdam, d. 

with supernatant produced on PG13 packaging ecus contauung bod, pBullet TCR a and 

^Tvectors — - Griend " aU 19M) ' TT n 

ZLl prima, human T lymphocyKs - P— » - ** ~ 

as « described elsewhere (Van de Griend e, ai. 1984; ft** e, al., 1998). 

20 , v ,„h snrtins of retroviral transduced human T 

Immunofluorescence analysis and sorting 01 

were stained wid, TCR V a and V p famny-type specif. and-V 0 ->,l- (2 
^ml, and anti-Vf^ <2 ^ml) mAb in a volume „, 50 u l. The depots show viable T 

^ c /i rvn q FACS-Vantaee instrument (becton 

Jose, USA). How sordng was performed on a F*SV« g 

Diddnson Biosciences) using saturattag concentrate of ana-V 0 -12.1 ann Vp 
MumLic HIA-Al/pepdde, streptavidm* complexes (1:10 a— of fresh 

30 preparations). 



££££ — T was measured > . br -0— assays 
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as described (Weijtens et al., 1998). In experiments aimed at blocking specific cytolytic 
activity, mAbs were added to the CTL, 15-30 min before addition of the target cells 
(W6/32: 10 jLxg/ml, or irrelevant mlg: 10 ^g/ml). Peptide loading of the target cells was 
performed by addition of 10 ^g/ml MAGE-1 nonapeptide (EADPTGHSY) or irrelevant 
5 Influenza peptide derived from Influenza virus A nucleoprotein (CTELKLSDY) to the 
target cells prior to incubation with effector T lymphocytes. 

GM-CSF, TNF a and IEN-y production. 

To quantify GM-CSF and TNF a production by the gene-transduced T lymphocytes after 
10 antigen-specific stimulation, 6xl0 4 transduced PBL were cultured for 24 h either in the 
presence or absence of 2xl0 4 adherent tumor cells in RPMI-1640 medium supplemented 
with 360 IU/ml rIL-2, At the end of culture, supernatant was harvested and levels of 
TNF-a , GM-CSF (Medgenix, Fleurus, Belgium) and IFN-y(CLB, Amsterdam, the 
Netherlands) were measured by standard ELISA according to the manufacturers 
15 instructions. 

EXAMPLE 1 

Isolation and cloning of a MAGE-1 specific (scFv)-TCR from the CD8+ CTL clone 
82/30. 

Standard cloning techniques were used in the examples below. Techniques are 
described in: Molecular Cloning; A Laboratory Manual (Cold Spring Harbor Press, Cold 
Spring Harbor, N.Y.) by Maniatis, T. et al. or in cited publications. 
Cloning of the TCR Vp 

The TCR is a heterodimer which consists of an a and a p chain. The TCR a and p 
chains are members of the immunoglobulin gene superfamily and are generated by 
combined associations of V, J, D and C genes. The TCR polypeptides are disulfide 
linked, highly polymorphic in their N-terminal, variable domains and responsible for 
antigen recognition. Obtaining the TCR from the MAGE-1 specific CTL clone 82/30 
(Traversari, C. et al., 1992) was achieved by PCR (Maniatis, T. et al.) amplification of 
cDNA obtained from this CTL clone. 

To obtain cDNA, total RNA was isolated from T cell clone 82/30 cells according 
to the method by Chomczynski et al. (Chomczynski, P. and Sacchi, N., 1987) and 
transferred into cDNA essentially as described by Maniatis et al. Amplification of cDNA 
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_s by PCR is possible only if the sequence of the gene of interest is known. In 
^r,. for PCR, two primers complement to th* > end and the 3. end of the ^« 
L used as .he initiate point of DNA synthesis. Because the sequence of the * ends of 
fc TCR „ and p chain from T eel! Cone 81/30 were unknown, a PCR method, referred «, 
5 as RACE (rapid amplification of cDNA ends) was used » amplify the TCR a chain 
(Edwards et al., 1991). The TCR p chain was amplified by RACE-PCR using pnmers 
described in Table 2. 

and ligated into pBhiescript (Slratagene, USA) as described by Maniatis ^^j^v^ 
^ W as introduced in* bacteria which were select and expanded. DNA was 

15 to confirm the presence of the amplified TCR p fragment. 

^bree positive colonies were subjected to DNA sequencing. The sequences of these 

from me amplified TCR p fragment however did no, include the signal sequence of to 
S B gene To obtain the complete sequence of the TCR-V p gene, this pamal sequent 
2 „ was^ compared with all known TCR p sequences. Alignment of the sequences showed 

^ Wiene lost, 1989). Based on this sequence homology, a pnmer was synmes^d 
^ernemary to <he 5' end of the TCR p.l and used to amplify * — TCR 

fragment to the signal sequence and major part of the variable region of the TCR p chauis 
ST te TCR p famny 1. Based on this seance primers were designed tha, allowed 
cloning of the TCR variable p chains in a single chain TCR construct. 

30 EXAMPLE 2 

^"^TtCR „ chain, a different approach was followed, Ftfst, to 
ermine to which family ft, TCR V a chain belongs, a family typing PCR (Tnor 

10 
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P « al 1994) was performed. Twenty-one different TCR variable « chains have been 
iescriW. In a family typing PCR, ft. templa* cDNA was divided into separate samples 
ta, „ each individual amplified with a family specific 5. primer and a constant pnmer 
Multiple PCR reactions had yieided amplify fragments. In order .0 determine winch 
„ corresponded to the TCR V a fragment, a Souther, blot was performed (Marians 
et al ) with a »P-lab=led C a probe. A positive signal was observed only in the PCR 
action which was performed with the TCR a V*- corresponding » family number * 
The res. of the DNA of this PCR reaction was purified with primer removal as descnbed 
above and subjected ■> DNA sequencing. The obtained sequence was compared to 
, TCR a sequence of the only known member of family number 12 (Sun e, a! 1984. 
Berkhou, et a,.. 1998). Except for the divers* region, 100% homo,ogy was observed. 
This allowed tie design of prtors which cou,d be used for me an^catto, . - £ 
eo.up.ete variable region of the TCR . chain. The sequences of V a and Vp of the TCR 
derived from CTL clone 82/30 are shown in Figs. 2A and 2B, respectively. 

5 

EXAMPLE 3 
molecules. 

C^nstructim^^ 

» For construction of clumeric single chain TCR/, or ; molecules, a clonmg vector 

was designed that allows easy construction 0, single chain moiecuies. The vecmr was 
^ by replacement of the multiple Coning sites m pBluescript (Sratagene) by a specaUy 
uesignl polyline (Table 3>. For cloning o, the TCR V a a*. TCR Vj fngmen*. 
prinTrs vie designed that aUowed cloning of these fragment, in front o, the flex-hie 
25 ii,to«m^or^u«ltaker>emjer«o(R«.2)- 

For amplification of the TCR V a a^ TCR Vp fragments, two separae PCR 
reactions were performed » genera, fragment ma. inciude the signa. seouence of theV 
re^n and (ragmen, mat aart practically at me beginning of me mature protem T* 
DNA fragment were digest with restriction enzymes that allow clonmg next .0 the 
30 flexible linker. Positive bacterial colonies were grown for DNA purification and DNA w* 
suited .0 DNA seouencing. DNA Cones with the correct seouence were used » 
construct the chimeric sutgle chain TCR constructs. The clones conainmg etther the TCR 
y a or the TCR Vp fragments in front of the flexible linker sequence were then Itgated to 
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fc TCR V„ ^ — <V«*2 « v r21 2 H*,V 0 - 

different single chain TCKs were 

V a -(Gly 4 Ser) 3 , linker-Vp), see Figure 3 ^ ffi ^ 

constructs. The following ,r,h SerVVR^. Vn-212 tater-Va-, 

^ v a .212 linker^ ^ 212 Va ' (G,y,to>J PT ^ 

FOT te cons^on of *■« * cDNA obtained from CTL 

^ constant „ chain domain « ampUfied by PCR to 

^ ^viirtipric sinele chain TCR v a -ziz p 
82/ 30 and insert next .0 the dumenc sw ^ 

1 »h- Cn reeion are described in lame m 
primers used to amphfy the Cp regton ^ ta(Ioduc ed 

primers used for refutation are described » Tabie 5 . 

molecufcs, KNA i— *- 
For the construe**, of cnunenc no ; ^ ^ ^ 

conn was amplified using V a -AlU ana ^ a -w w 

» CTL *" ^ "ft* 5) To consnuc, the V a Q; a* VpCR ^ V <*» 
primers respecuvely. (Table »_ t Correct seouences of chunenc 

The chimeric single chain Vp-212 linker v a y 

line PA317, using the BTX electro f monoc ional anubody 

. , 7 „ oio.Vfl^, chain were seiecicu vy 
PA317 cells expressmg the Vp-212-vp 7 cn 

0\ 
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^ against the V 0 chain (Diversi-T» V a 12, T cell Diagnostics, Cambridge, USA) 
^ . g „a, anthnouse coated magnetic particles. The packaging eels contanung the 
SFG-Vp-212-V^ construe, were used to transduce affli^3 activated human PBL. 

5 Mll^ n i. — i .Wr^vio.nB.ne.^ 
For expression of chimeric three domain single chain Ig/y or ; and TCR/ T or <; 

^es in human T lymphocvfcs, the retroviral vector pBm.et.was construe^. 

removal oftwo Nco , sites (positions 316 and 3952) and the Xho , sHe (posmon 3834), « 

the retroviral ve«or pSTTTCH (Wefcens, M.E.M., « al. 1998) a multiple resmcrron sue 
10 sequence was introduced. The resulting vector was named pBullet. Into the Nco I SI *^^ 

position 1968 and the newly hnroduced Xho I site o, pBuUe, an express™ casse*e 

heavy chain, two cloning sites for induction of me three domain smgle cham TCR and 
sig I transducing efcmen, Two signal transducing elemen. have heen deduced: one 
15 containing a short constant Ig kappa chain — 

CD4 transmembrane domain ar^ me intracellular domain of me „ d~ The 
s^-rransducing element comprises the complete chain, siting atthe B» H I - 
in The chimeric three domain TCR construct which were reamphfied w«h 
rimers shot, m Tahle 5. were Con* h«o the pBunet ^^J-P— 
20 cassette. Seo.uer*es of me complete chimeric 3DTCR/CkCD4Tmy and 3DTCR/^, were 

verified. 

„ me generation of stab.e packaging cell lines producing the three domain 

TCR/v « C viruses PG13 packaging cells were ccculdva^d for two days with irradtated 
Cecils (25 Cray),— witha: me retroviral vector CkCTM^r 
pM et 3D/ C h: me amphoric e»ve,ope construct pHTT 456 and c: me GAG-POL 
construct pHTT 60. PG13 packaging cells expressing the three dotnam TCR, 5 
30 construct, d™d by flow cytometry using an*- V a .2, and anti-Vp! mAb, were 
select by flow cytometric sorung. The efflciency of retrovirus prcOuctton by PG13 
packaging cell lines PG13-3DCkCTMTmy and PG13-3D,; was determined by applymg 
Lai dilutions of viral supernatant to 293T ceUs, which were anrtyzed rwo days laKr 
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nfV „ ipos VrI- 08 cells. Stable high producer PG13 packaging cells 
for the percentage ot v a iii.i , vp 

were 1 to produce vira, supernal used to transduce -U-CD3 act^ted human 



PBL. 



5 F Y AMPLE 5 

1*^-^^^^ and opum* gene 

^netiou, fresh or cryopreserved/thawed peripheral Mod mononuclear cells ffBMQ 

from healthy donors were activated using anti-CD3 monocl< ™' ^/k «a* 

■ , u „ n m 7\ Retroviral transduction of chimeric TCR a ;/pC S ene 
10 recombinant interleukin-2 (IL-2). Retroviral u 

Hues and chimeric <scPv W gene construe* was performed by n^bamg 
ITt lymphocyfcs with »T packing cells tha, were — , trar^ ^ 
W two — , vectors each comprising chimeric TCR a 0 gene — CO 
I containing the reoovira, Gibon Ape —a virus enve,ope and (m, a veeto 
15 IU me viral GAG - POL genes. The ftul-lengd, TCR 0 and n genes were 
macduced into human T lymphocytes derived from a different 

^ernatant obtained from PG13 packaging ceils that con.m bod, foU-lengm TCR 0 and 

P8MBS How cytometric' analysis of gene-transduced T lymphocyKs demons^ 

■ f chimeric-TCR aWL "* 3D &*> 7Cg l OT « trans 8 HKS 

20 expression of the chimeric i<-k acypt, 

m 05 to 40% of primary acuvafcd, human T lymphocytes as evidenced by the smcUy 
• *«<i TPR V„-12 1 and anti-VR-l family rypmg rnAbs 

coordinated reacttvlty with anu-TCR V« U.l an B „.__.„ VBCRr 

respectively Fig. 5 shows the expression of (0 chimeric smg!e chant TCR V a V p C K 
Zll two chain Vrf* and W fulHeng, TCR ap «—-- 

25 11 d«ernuned by flow cy^netr, a«er gene transduction o, »™* *^ 
wmphocy*, Events shown represent viable lymphocytes stained with -*>f- 1 
71 yd" (A)* Human T lymphocytes transduced with me CD24 gene (negative 
: Hill — . MAGE-, specif* parenal CTL Cone MZ^O 
£2 lo.,. CO: Human T lympnocyKS — with V.VpC,* -v^ 
30 Hrs W Human T lymphocytes transduced with V.W retrovira, vectors at* 
e^ flow sorting using anti-V a 12, HTC and anti-V p -, PE mAbs. (E): Human 
enriched by _ ^ V|J c„- c retroviral vectors simultaneously. 

T lvmnhocytes transduced with V a C a ; ana v p p <, 

j ivmpuu^j VnCn-f retrovira vectors and 

(K): Human T lymphocytes transduced with V a C a -c; a™ V P^P £ 
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followed by enrichment by flow sorting using anti-V a 12.1 HTC and anti-Vp-l PE 
^b (G)- Human T lymphocytes transduced with full-lengm TCR „ and p retrovrra. 
vectors simultaneously. (H): Human T lymphocytes transduced with full-length TCR a 
and ft retroviral vectors, followed by V a 12.1 irnmunomagnetic selection and a second 
enrichment by flow sorting .sing soluble muUimeric HLA-Al/MAGE-l/Strep 
complexes. FACS analysis using anti-V 0 12.1 and ami V p l show identical fluorescence 
signals as the 3D scFv TCR V a VpCp£. 

EXAMPLE 6 

, (Chimeric) (sdW-TCR, or c - T Ivrophocyte, bmd sotoble multtaeric 

HLA-A1/MAGE-1 complexes. 

The HLA-Al binding MAGE-1 peptide EADPTGHSY and an irrelevant HLA-Al 
binding peptide derived from Influenza virus A nucleoprotein (CTELKLSDY) were used U 
consnuct soluble peptide-MHC complexes for the identification of antigen specific TCR on 

5 gene transduced T lymphocytes. Tetiameric (or multimeric) complexes comprising soluble 
MHC class 1 motecules win, antigenic peptides and PE conjugal stieptavidin a. reagent 
« allow the identification of MHC restated, antigen specific T ly mphocytes. Binding of 
.euameric complexes has been shown to correlate with recognition of viral antigens 
presented by virally infected cells or tumor associated antigens presented on tumor cells by 

,0 cytotoxic T cells (Cole et aU 1995). Teuamer binding T cells were shown to recogruze and 

kill virally infected cells or tumor cells. 

r ■• ■ m a Ai/MAGF-l neotide and HLA-Al/Influenza vrrus 
Construction of mulumenc HLA-Al/MAuc. i pepuuea. 

A nucleoprotein peptide complexes: 

First the HLA-Al heavy chain was cloned by the following protocol: 
« The gene coding for the HLA-A101 gene was amplified by PCR using the prrmers 

GCGGCGGCGGCCATGGGCTCCCACTCCATGAGG and TTTCTGTGCATCCAGAA 
TATGATGCAGGGATCCGAGCTCCCATCTCAGGGT, and tire product of this first PCR 
used as template in, a. second PCR using the pnmers 
GCGGCGGCGGCCATGGGCTCCCACTCCATGAGG and CGGCAGGAGA 
30 GCGGCCGCTTAACGATGATTCCACACCATTTTCTGTGCATCCAGAAT. The 
restiiction sites Nco, and *,/ used for cloning are underlined. The forward primers encode 
,he peptide HHILDAQKMVWNHR recognized by the BirA enzyme used for m vrvo 
biotinylation (see below). The PCR products were ethanol-precipitated, digest with Ncol 
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^ M m g^ - - - ^" 

and clone, — , an insert we« scuenced. Cones with the correct se,uence we, *- 
conned into BUM3 for pro,* proton, together wifc « ^ 
S containing the Bir A gene under fte con™, of the tac promoter (pBnCm, Avdrty , 
denvers USA). The plasmid pHN|J2m was used to produce the (}2m. 

Next, me HLA-A1 pro^ and „2m protein were punned by — body 

PUrif ' C t: fusion body ^cation o, HLA-A1 pro^ was done b, a 10-m. 
,0 overhigh, bacKrial culture was diluted m one Iner of 2xTY containing KO 

ampicL a*d 15 ngAM chioramphenico, and incubated at 37-C with agtanon. A, OWOO 

3 7-C for 3^ h. m bacterial cuiture was centring and ft. peilet was resuspehded m 20 
I JU buffer (25% sucrose, 1 mM EDTA, 50 - Tris-Hc. pH S). 200 of 100 toM 

incubated 30 tnin on ice. 200 tt > - « MgC12, 20 u . of 1M MnC12 and 20 u , of 10 ^ 

cenMfcgation ,5 nUn a. 10 0» rpm at 4*, the bacterial P~ — ^ ^ 
of decent buffer (0.2 M Nac.. X% DOC, 1% Nonindetr40, 2 mM EDTA, 20mMTr« 
,0 7 5, 40 of 1M DTT and 200 u > o, 100 mM PMSF were added. After cer^gauon (15 

" then rlpended in 12 ml of triton buffer (100 mM Nad, 50 mM Tns-Hd pH M 
mM EDTA, 0.5% Triton X100) pius 24 ,1 o, 1M DTT. After 

, 4 .C) the peuet was washed 2 more times in this buffer and finaUy 

DTT)andlteptat-70»C. . 
Finally the HLA-A1 /peptide complexes were reconstituted by duuuon: 
For reconstironon of HLA-Al/peptide compiexes, the indusion bodies were 
ftawed, cenmfuged for 10 nun at 10 000 rpm, and me protein peuet was dissolved n, ft. 
30 Z v iume of u^a buffer (50% urea, 50 mM Nad, 20 mM Tris 7.5, 5 mM 
Lhion,. After a 10 min cer.iftrgarion a. 10.CO0 rpm, the 

^ding The compiex formauon was undated by dilution o, the two denatured subunt* 



25 



BNSDOCID: <WO 0031239A1J_> 



WO 00/31239 PCT/IL99/00622 

reduced glutathion, 0.5 mM oxidized' glutation, 100 mM Tris-Hcl pH 7.5). The amount of 
heavy chain, p2m and peptide were respectively 6 mg, 5 mg and 2 mg. The solution was 
incubated without agitation for 36h at 4°C and then concentrated with Centriprep-10 from 
200 ml to 700 ^1. The concentrated protein was subjected to gel filtration on a Superdex 
5 200 column (Pharmacia, Uppsala, Sweden) and the peak corresponded to 48 kDa was 
collected. 

Multimeric HLA-Al/peptide/streptavidin PE complexes used for staining of 
transduced lymphocytes were made by mixing equal volumes of streptavidin PE (5 ug/ml, 
Becton Dickinson Biosciences, San Jose, USA) and soluble HLA-A1 /peptide (120 ug/ml), 
10 followed by 30 min incubation on ice. Chimeric (scFv)-TCRy/^ , were incubated for 30 
min with 1:10 dilution of a fresh preparation of multimeric 

HLA-Al/MAGE-l/Streptavidin PE complexes or HlJV-Al/Influenza/Streptavidm PE 
complexes at 4°C 

As shown in figure 6, MAGE-l/HLA-Al/streptavidin PE multimers specifically 
15 stained the genetically introduced chimeric two chain-a^/p,; t chimeric scFv TCR/^ and 
full-length a p TCRs expressed on human T lymphocytes, but not control multimeric 
HLA-Alcomplexes presenting the Influenza peptide. Neither did control T 
lymphocytes, that were transduced with the enhanced green fluoresence protein (EGFP) 
transgene, recognize and bind soluble multimeric HLA-A1/MAGE-1 complexes. FACS 
20 analysis using multimeric HLA-A 1 /MAGE- 1 complexes show identical fluorescence 
signals as the 3D scFv TCR V a VpCp^. 



EXAMPLE 7 

Functional analysis of chimeric (scFv) TCR y /^; POS T lymphocytes. 

25 

MAGE-1 peptide loaded target cells specifically trigger lysis by (i) chimeric 3D 
scFv-, (u) chimeric tc- and (iti) full length-TCB™ 8 T lymphocytes. 

To determine whether chimeric 3D scFv-, tc- and full length-Td^° s T 
lymphocytes were able to recognize the MAGE-1 peptide, 51 Cr labeled MAGE-1 NEG , 
30 HLA-Al pos melanoma cells (MEL 2A) and EBV transformed B cell blasts (72-2 and 
APD) were pulsed with 10 ug/ml MAGE-1 peptide or irrelevant Influenza virus peptide 
derived from Influenza virus A nucleoprotein. and incubated for 6 hour with the 
chimeric (scFv)-TCR p0S T lymphocytes T lymphocytes expressing chimeric 3D 
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scFv-TCRs , chimeric tc-TCRs and full-length a p TCRs were indeed able to lyse the 
MAGE-1 peptide loaded, MAGE-1 NEG / HLA-Al ros MEL 2A melanoma cells and the 
MAGE-1 NEG / HLA-Al ros B-lymphoblastoid cell lines 72-2 and APD. Only MAGE-1 
peptide-pulsed MAGE-1 NEG / HLA-A1 P0S target cells were specifically lysed by the 
5 transduced T lymphocytes, but not the unloaded cells or cells loaded with the irrelevant 
Influenza peptide (Fig 7). Cytotoxicity analysis show that HLA-Al™ 8 , MAGE-l ros 
melanoma cells are lysed by the 3D scFv TCR V a VpCpCCkCD4Tmy ros T lymphocytes 
as efficiently as by the 3D scFv TCR VaVpCp^"* T lymphocytes. 

10 HLA-Al pos , MAGE-l ros melanoma cells specifically trigger lysis by chimeric (scFv)- 
T £ R pos j lymphocytes 

Several 51 Cr labeled HLA-Al ros /MAGE-1 TOS melanoma cell lines and control 
HLA-A1 NEG cell lines were incubated with the chimeric 3D (scFv)-Td^° s , tc-TCR pos and 
full-length TCR F0S T lymphocytes to determine the HLA-A1 restricted, MAGE-1 

15 specificity of the transduced T lymphocytes. As shown in Fig. 8 sorted chimeric 3D 
scFv-TC^, tc-TCR™ and sorted-full-length TCR P0S T lymphocytes specifically lysed 
the HLA-A1 P0S , MAGE-l** melanoma cells MZ2-MEL 3.0 and 518A2, but not the 
HLA-A1 NEG control cell lines (MEL 78, BLM and SKRC17-4) in a 6 hour incubation 
period. Further proof of MAGE-1 specificity of transduced T lymphocytes came from 

20 the addition of anti-MHC class I mAb, which resulted in significant lower tumor cell 
lysis, whereas irrelevant mAb did not inhibit cytolytic activity (Fig 8). 

POS 

Analysis of lymphokine production by chimeric (scFv)-TCRy/^ T lymphocytes. 

HLA-A1 restricted, MAGE-1 specificity of the chimeric 3D scFv-TCl? 0 *, 

25 tc-TCR* 011 and full length TCR P0S T lymphocytes was analyzed by incubating these cells 
with MAGE-1 peptide pulsed HLA-Al ros , MAGE-1 NEG Melanoma cells MZ2-MEL 2.2 
and HLA-A1 P0S , MAGE-l ros melanoma cells MZ2-MEL 3.0. After 24 hour incubation 
supernatant was harvested and analyzed for the presence of TNF a , GM-CSF and IFNy. 
Table 6 shows the results of the incubation of the CTL with HLA-Al ros , MAGE-l pos 

30 melanoma cells and MAGE-1 peptide pulsed melanoma cells significant amounts of these 
lymphokines were produced. 
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SohUue numeric HLA-A1/MAGE-1 co.np.exes identify function* ffl^JS 

complexes could be used to 

•„ ,ifv and select peptide specific cells from bulk cultured gene transduced T 
"chim- 3D scFv-TCR, chimeric tc-TCR and htil-lengm TCR 
Bg e„e transduce* T lymphocyKs were sorted witb so,ub,e multhnenc 
^-Al/MAGE-1/s.rep.avidin* complexes. Positive and negative fractions obtamed by 
Lre expanded and analyzed for HLA-A1 restrict, MAGE-1 specificity.As 
sorting .-"-^r- chimeric » *W *-* .c-TCK aM fulHengm 
shown in figure y, <~^o ^ . 
TCR Bg ene transduced T 'ymphocyKS enriched by soluble um.ti.nenc 

^ r^AGE-l/strepuvidin" compiexes specificaUy lysed no, only 
HLAAi/JviAvj ros MAGE ipos MZ2-MEL 3.0 

pulsed B-LCL target cells but also by the HLA-A1 MAGE 1 
melanoma cells. The negative fraction obtained from these sorts; were not able to y* 
TmA Al« MAGE-1- melanoma cells and only a weak response to peptide ptused 
C was observed. Surprise, bo. the negatively and positiv^ 
pull-leng* TCR a p g- transduced T lymphocyKs expr«s *e ^ ™ 
determined by to. *—*, using ta*y <yP*g mAbs anti-V a 12.1 

anti-Vpl re . 
Table 1* 



Antigen 

MAGE-1 

MAGE-3 

Tyrosinase 

Albino 

MUCI 

Melan-A/ 

MART-1 

PMell7/silver 

GP100 



Tumor Tvne 

Melanoma, lung 
Melanoma, lung 
Melanoma 

Pancreas, breast 
Melanoma 

Melanoma 

Melanoma 



KTnrmal Tissue 

F.y pression 
Testes 
Testes 
Melanocytes 

Epithelium 
Melanocytes 
and retina 
Melanocytes 
and retina 
Melanocytes 
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Comments 

Not expressed in melanocytes 
Not expressed in melanocytes 
Melanosomal protein 

Non-MHC restricted 
Melanosomal protein 

Melanosomal protein 
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Table 2.: 

Oligonucleotide Primers 

V a -ATG: 5' GCG AAT TCT ACG TAC CAT GAA CAT GCT GAC TGC CAG C3> 
5 V a -3 5' CGT CTA GAG GAC AGA AGG TAA CTC AAG CGC AG 3' 

Vp-ATG: 5' CCG AAT TCT ACG TAC CAT GGG CTT CAG GCT GCT CTG 3' 
Vp-3 5' GCG GAT CCG AGC ACT GTC AGC CGG GTG CC 3' 

Table 3: 

212 LINKER 

5- GTA CGA ATT CGC AGA TCT GGC TCT ACT TCC GGT AGC AAA 
TCC TCT GAA GGC AAA GGT ACT AGT GCG GAT CCG GCT CGA GCA GCT 3' 
(GLYISER. LINKER 

5' GAT CCG GTG GAG GCG GTT CAG GCG GAG GTG GCT CTG GCG 
GTG GCG GAT CGA 3' 

Table 4 : Primers used for amplification of the TCR p constant region and for 
reamplification of the three domain TCR V a -212 linker- VpCp fragment. 
20 

Cp 5' primer: 5 -CTG-ACA-GTG-CTC-GAG-GAC-CTG-3' 

Cp 3' primer: 5 -CTC-TGG-ATC-CCG-TCT-GCT-CTA-CCC-CAG-GGG- 
TG-3' 

25 V a 5' primer for reamplification: 5'-GCG-AAT-TCT-ACG-TAC-CAT- 

GGA-CAT-GCT-GA-TGC-CAG-C-3' 

Cr primer for reamplification: 5 -TTG-TTC-TGC-GGC-CGC-GTC- 

T"GC-TCT-ACC-CCA-GGC-3' 

30 

Table 5 : Primers for reamplification of the three domain TCR fragment allowing 
introduction into the pBullet cassette vector. 

35 TCR V a 5' primer: 5'-TTA-CTC-GCG-GCC-CAG-CCG-GCC-ATG-GCC-CAG- 

AAG-GTA-ACT-C AA-GCG-CAG-3 ' 

TCR Vp 3 5'-TTG-TTC-TGC-GGC-CGC-GAG-CAC-TGT-CAG-GGT- 
GCC-TG-3' 

29 
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CLAIMS 

1. An immune cell having predefined specificity, wherein said immune cell is either 
5 complexed with an antigen-specific MHC-restricted chimeric T cell receptor (TCR) or a 

fragment thereof, or transfected with an antigen-specific MHC-restricted chimeric TCR gene. 

2. The immune cell according to claim 1, wherein said chimeric TCR comprises: (i) a 
first segment comprising either (a) a single-chain TCR (scFv-TCR) made of the variable (V) 

10 region and, optionally, of either the extracellular constant (C) region of an antigen-specific 
TCR, or of the constant region of the immunoglobulin kappa light chain (Ck); or (b) a 
two-chain TCR (tcFv-TCR) made of the extracellular variable (V) and constant (C) regions 
of an antigen-specific TCR; and (ii) a second segment comprising a signal transducing 
element of an immune cell. 

15 

3. The immune cell of claim 2, wherein said scFv-TCR or tcFv-TCR comprise the 
alpha and beta chains pair or the gamma and delta chain pair of an antigen-specific TCR. 

4. The immune cell according to claim 2 or 3, wherein said single-chain TCR of the first 
20 segment comprises the variable (V) region of said antigen-specific TCR. 

5. The immune cell according to claim 4, wherein said single-chain TCR of the first 
segment is a two-domain (2D) single-chain TCR made of the extracellular variable (V) 
region VaVp chains of said antigen-specific TCR linked by a linker. 

25 

6. The immune cell according to claim 4, wherein said single-chain TCR of the first 
segment is a three-domain (3D) single-chain TCR made of the extracellular variable (V) and 
constant (C) regions of said antigen-specific TCR. 

30 7. The immune cell according to claim 5, wherein said three-domain (3D) single-chain 
TCR comprises the VaVpCp or VaVpCa chains of said antigen-specific TCR. 
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8. The immune cell according to claim 4, wherein said single-chain TCR of the first 
segment is a three-domain (3D) single-chain TCR made of the extracellular variable (V) 
VaVp chains of said antigen-specific TCR and the constant (C) region of the 
immunoglobulin kappa light chain (Ck). 

5 

9. The immune cell according to claim 2 or 3, wherein said first segment comprises a 
two-chain TCR (tcFv-TCR) made of the extracellular variable (V) and constant (C) regions 
of said antigen-specific TCR. 

10 10. The immune cell according to claim 9, wherein said two-chain TCR (tcFv-TCR) 
comprises the VccCa + VpCp chains of said antigen-specific TCR. 

11. The immune cell according to any one of claims 1-6, wherein said second segment 
comprises a signal transducing element of an immune cell comprising the intracellular 

15 signaling unit alone or together with the transmembrane domain and optionally with the 
extracellular domain of signaling chains. 

12. The immune cell according to claim 11, wherein said signal transducing element is 
selected from the group comprising the TCR/CD3 complex gamma, delta, epsilon, eta or 

20 zeta chain, the gamma chain of the Fc receptor, the alpha, beta and/or gamma subunit of 
the IL-2 receptor, the CD2, CD16 and CD28 co-receptor chains, the signaling elements 
of the natural killer (NK) receptor, killing inhibitory receptor (KIR) or killing activating 
receptor (KAR), or any signaling element derived from an immune cell, and 
combinations of said signal transducing elements. 

25 

13. The immune cell according to claim 12, wherein said signal transducing element is 
selected from the group comprising the TCR/CD3 complex zeta chain or the gamma 
chain of the Fc receptor. 

14. The immune cell according to any one of claims 1-13, wherein said immune cell is 
30 selected from the group comprising resting, activating and memory T lymphocytes, cytotoxic 

lymphocytes (CTLs), helper T cells , non-T lymphocytes, B cells, plasma cells, natural killer 
(NK) cells, monocytes, macrophages, eosinophils and dendritic cells. 
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15. The immune cell according to any one of claims 1-13, wherein said immune cell is 
selected from the group consisting of antigen-specific immune cells and non-specific 
immune cells. 

5 

16. The immune cell according to any one of claims 1-13, wherein said immune cell is 
an antigen-processing cell and said predefined specificity is targeted antigen uptake and 
presentation. 

10 17. The immune cell according to any one of claims 1-13, wherein said immune cell is 
selected from the group consisting of lymphocytes, NK cells, macrophages, monocytes, 
eosinophils and other cytotoxic cells and said predefined specificity is target cell 
cytotoxicity. 

15 18. The immune cell according to any one of claims 1-13, wherein said immune cell is 
a helper T cell and said predefined biological specificity is increased lymphokine or 
cytokine production. 

19. The immune cell according to any one of claims 1-13, wherein said immune cell is 
20 selected from the group consisting of B lymphocytes and plasma cells and said predefined 

specificity is increased immunoglobulin production. 

20. The immune cell according to any one of claims 1-13, wherein said immune cell is 
selected from the group consisting of T cells, B cells, monocytes and macrophages and said 

25 predefined biological specificity is increased antigen-presenting functions. 

21. The immune cell according to any one of claims 1-13, wherein said immune cell is 
a target cell antigen-specific immune cell containing an antigen-binding molecule selected 
from the group consisting of the alpha/beta chains or the gamma/delta chains of the 

30 antigen-specific T cell receptor, chimerized to a signal transducing element selected from 
the group comprising the TCR/CD3 complex gamma, delta, epsilon, eta or zeta chain, 
the gamma chain of the Fc receptor, the alpha, beta and/or gamma subunit of the IL-2 
receptor, the CD2, CD 16 and CD28 co-receptor chains, the signaling elements of the 
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^ m« (nk) « <"» « ^ ^ 

receptor (KAR), or any signal Cement **- *» - — * 
combinations of said signal transducing elements. 

22 The target ce,> antigen-sp*cffic immune cell of Cairn 21, where* said 
len-binding mofccule binds to an antigen se.ec** from the group of vn* 

m blecalesandclas S nMHCmoleaues,and self antigens. 

M me target ceU antigen-specific immune ceil of Cairn 22, wn^d 
^gen-binding molecuie binds to the melanon— ed neopiasttc proteur (MAGE-1) 



antigen. 
15 24 



24 An immune cell complex according to any one of claims 1-23, wherein the chimeric 
r TC RorTCRf^entise^^ 

binding both to the TCR or TCR fragment and to the immune cell. 

11 ™ mn lex according to claim 24, wherein the macromolecule is 
20 25. The immune cell complex accoruuig 

avidin, streptavidin or polylysine. 

26 . Tne immune ceii according «o any one of Cairns .-23, wherein said immune cell is 
Reeled with said antigen-specific chimeric TCR gene. 

M 27. A pharmaceutical composition comprising immune cells according to any one of 

claims 1-26. 

a The phannaceunca, cotnposnion according to Cairn 27, tether comprising a 
30 pharmaceuticaUy acceptable carrier. 

29 The pharmaceutical composition according to claim 27 or 28 for the treatment of 
cancer, infectious diseases, autoimmune diseases or graft rejecUon. 
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30. The pharmaceutical composition according to claim 29 comprising the immune cells 
of claim 23 for the treatment of melanoma. 

5 31. A method for treatment of a tumor in a patient comprising complexing lymphocyte 
cells of the patient with an antigen-specific MHC-restricted chimeric T cell receptor (TCR) or 
a fragment thereof, or transfecting said autologous lymphocytes with an antigen-specific 
MHC-restricted chimeric TCR gene encoding a scFv-TCR which binds to an antigen 
associated with said tumor and a segment encoding a signal transducing element of an 
10 immune cell. 

32. A method for treatment of melanoma in a patient comprising transfecting 
lymphocyte cells of the patient with an antigen-specific MHC-restricted chimeric T cell 
receptor (TCR) gene containing a segment encoding a scFv-TCR which binds to the 
15 melanoma-associated neoplastic protein (MAGE-1) antigen and a segment encoding a signal 
transducing element of an immune cell. 
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Sequence of Vcc 

ATG AAC ATG CTG ACT GCC AGC CTG TTG AGG GCA GTC ATA GCC TCC ATC 
TGT GTT GTA TCC AGC ATG GCT CAG AAG GTA ACT CAA GCG CAG ACT GAA 
ATTTCT GTG GTG GAG AAG GAG GAT GTG ACC TTG GAC TGT GTG TAT GAA 
ACC CGT GAT ACT ACT TAT TAC TTA TTC TGG TAG AAG CAA CCA CCA AGT 
GGA GAA TTG GTT TTC CTT ATT CGT CGG AAC TCTTTT GAT GAG CAA AAT 
GAA ATA AGT GGT CGG TAT TCT TGG AAC TTC CAG AAA TCC ACC AGT TCC 
TTC AAC TTC ACC ATC ACA GCC TCA CAA GTC GTG GAC TCA GCA GTA TAC 
TTC TGT GCT CTG GGAGGG GTG AAT AAT AAT GCA GGC AAC ATG CTC ACC 
TTT GGA GGG GGA ACA AGG TTA ATG GTC AAA CCC 



Fig.2B 
Seouanca of Vfl : 

ATG GGC TTC AGG CTG CTC TGC TGT GTG GCC TTT TGT CTC CTG GGA GCA 
GGC CCA GTG GAT TCT GGA GTC ACA CAA ACC CCA AAG CAC CTG ATC ACA 
GCA ACT GGA CAG CGA GTG ACG CTG AGA TGC TCC CCT AGG TCT GGA GAC 
CTC TCT GTG TAC TGG TAC CAA CAG AGC CTG GAC CAG GGC CTC CAG TTC 
CTC ATT CAC TAT TAT AAT GGA GAA GAG AGA GCA AAA GGA AAC ATT CTT 
GAA CGA TTC TCC GCA CAA CAG TTC CCT GAC TTG CAC TCT GAA CTA AAC 
CTG AGC TCT CTG GAG CTG GGG GAC TCA GCT TTG TAT TTC TGT GCC AGC 
AAC ATA GCG GGC GGG AGT TAT ACG CAG TAT TTT GGC CCA GGC ACC CGG 
CTG ACA GTG CTC 



Fig. 2C 

TCR a chain 
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Fig. 2D 
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